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IN THE UNITED STATES ELECTED OFFICE 
OF THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT COOPERATION TREATY-CHAPTER II 

" REQUEST FOR APPROVAL OF DRAWING CHANGES " 

APPLICANT: Jorg DAUERER et al. 

SERIAL NO. : EXAMINER: 

FILING DATE: ART UNIT: 

INTERNATIONAL APPLICATION NO. : PCT/DE99/0 1316 

INTERNATIONAL FILING DATE: 3 May 1 999 

INVENTION: METHOD AND RADIO STATION FOR SIGNAL 



TRANSMISSION IN A RADIO COMMUNICATION 
SYSTEM 



Applicants herewith request approval of the drawing changes in each of 
Figures 1, 2, 3, 4 and 5, as shown on the drawing copies marked in red attached 
hereto. 



Steven H. Noll (reg. no. 28,982) 
Schiff Hardin & Waite 
Patent Department 
6600 Sears Tower 
Chicago, Illinois 60606 
Telephone: 312-258-5785 



Hon. Assistant Commissioner for Patents 
Box PCT 
Washington D.C. 20231 



SIR: 



Respectfully submitted. 
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IN THE UNITED STATES ELECTED OFFICE 
OF THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT COOPERATION TREATY-CHAPTER H 

" PRELIMINARY AMENDMENT " 

APPLICANT: Jorg DAUERER et aL 

SERIAL NO.: EXAMINER: 

FILING DATE: ART UNIT: 

INTERNATIONAL APPLICATION NO. : PCT/DE99/0 1316 

INTERNATIONAL FILING DATE: 3 May 1 999 

INVENTION: METHOD AND RADIO STATION FOR SIGNAL 

TRANSMISSION IN A RADIO COMMUNICATION 
SYSTEM 

Hon. Assistant Commissioner for Patents 
Box PCT 
Washington D.C. 20231 

SIR: 

Amend the above-identified international application before entry into the 
national stage before the U.S. Patent & Trademark Office under 35 U.S.C. §371 
as follows: 

IN THE SPECIFICATION 

At the top of each page, please delete "199801831". 
On page 1, delete the first two lines; 
before the title, insert ~ 



SPECIFICATION 
TITLE-; 

after the title, insert — 

BACKGROUND OF THE INVENTION 
5 Field of the Invention--; 

in line 8, change "particular in" to —particular to— and after "radio" insert - 
-commimication— ; 

after line 9, insert — 
Description of the Related Art—; 
10 in line 10, before "information" insert -data-; 

in line 11, delete "is or" and insert —type—; 

in line 14, after "for example" insert -,-; 

in line 15, delete "respectively,"; 

in line 16, change "system. The" to -system. As such, the- and delete 
15 "in this case"; 

in line 17, change "which" to -that-; 

in line 18, change "respective" to —selected—; 

in line 23, after "CDMA" insert -(Code Division Multiple Access)-; 

in line 28, change "produced" to -formed-; 
2 0 in line 30, change "supphed via" to -advanced, (via-; 

in line 31, change "etc." to -etc.)-; 

in line 32, change "in the end," to -fmally-; 

in line 34, change "received" to -receiving-; 

in line 38, change "widely differing" to —numerous—; and 
2 5 in line 39, change "very different" to —various—. 

On page 2, in line 2, after "refracted" insert -or absorbed-; 
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in line 3, change "buildings and the hke" to -buildings, etc.; 

in line 6, delete "a"; 

in line 7, change "effect" to —effects--; 

in line 12, change "cancellation effects, which are also referred to as" to - 
cancellation or fading effects.—; 

in line 13, change "fading effects. These" to —For example, these-; 

in line 14, delete "that is to say" and insert —i.e.,—; 

in line 21, delete "it is known from" to —according to—; 

in line 22, change "system for" to -system,- and delete "to" and insert - 

can—; 

in line 34, change "systems, for which it is" to —systems. For these 
systems it is—; 

in line 35, after "will" insert —be available—; 

in line 36, delete "case be available for" and insert —of—; and 

in line 38, delete "one frequency band". 

On page 3, in line 17, before "mobile" insert —location of the—; 

in line 18, change "location, and the base station then" to ~. 
Subsequently, the base station—; 

in hne 19, change "predicted" to -selected-; 

after line 20, insert — 

SUMMARY OF THE INVENTION -; 

in line 21, change "The invention is based on the object of to —An object 
of the present invention is to—; 

in line 22, change "specifying" to -specify- and delete "which allow" and 
insert —that alleviates--; 

in line 23, delete "future"; 
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in line 24, delete "to be reduced" and delete "the" and insert —assigning at 
least one radio channel between a first radio station and transmitting at least one 
signal via a minimum of two transmission path. Subsequently, at least one 
characteristic value (such as, RXLE, RXQUAL, ta, C/I) that relates to the 
5 transmission condition on the radio interface is determined for each transmission 
path. By comparing a specific characteristic value among the transmission paths 
one transmission path is selected based on a control signal. If the difference 
between the specific characteristic value on the various transmission paths 
remains below a predetermined threshold value, the transmission path changes 
1 0 periodically such that a minimum of two successive decorrelated signals are 
transmitted via different transmission paths--; 

delete lines 25-29; 

in line 30, change "According" to —Accordingly,-- and delete "to the 
invention, in the method for—; 
1 5 delete lines 3 1 and 32; 

in line 33, delete "patent claim 1, which" and insert —the present 
invention—; 

in line 34, delete "in which" to —such that—; 
in line 35, after "defined" insert —by— and delete "by"; and 
2 0 in line 38, delete ",". 



On page 4, in line 12, change "this" to -a-; 
in line 17, change "the" to —this—; 
in line 18, delete ","; 

in line 19, delete "since" and insert —this is because—; 
2 5 in line 20, delete "respectively, used" to —type of—; 

in line 21, change "structiire. In consequence, the special feature of this" 
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to —structure used. Accordingly, when--; 

in line 22, delete "system, which is that"; 
in line 23, delete "is"; 

in line 24, delete "taken into account since"; 
5 in line 25, change "channel, as a result of to -channel and thus-; 

in line 26, delete "which"; 

delete line 28, and insert —In one embodiment of the present invention—; 
in line 29, delete "invention,"; 

in line 32, before "determined" insert -subsequently- and delete ","; 
10 in line 33, delete from" and insert —based on—; 

in line 35, before "actuates" insert —then—; 

in line 38, delete "With this refinement" and insert —Accordingly—; and 
in line 39, before "antenna" insert —better— and delete "that is to". 



On page 5, in line 1, change "say the transmission path, via which it is 
1 5 better to" to —i.e., the optimal transmission path to—; 
delete line 3; 

in line 4, after "conclusions" insert —may then—; 
in line 5, change "station, and advantageously" to -station. This-; 
in line 6, delete "to select" and insert -that selects-; 
2 0 in line 7, delete "which offers" and insert -offering-; 

delete line 9, and insert —Alternatively, in a second embodiment of the 
present—; 

in line 10, delete "according to a second development of the present"; 
in Hnes 1 1 and 12, delete "in each case"; 
25 in Une 12, change "Based on this feature, a" to -Accordingly, this-; 

in line 14, after "by" insert — ,— ; 
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in line 15, after "case" insert — ,~; 

in line 17, before "determined" insert —then--; 

in line 18, delete "respectively"; 

in line 25, after "station" insert —even—; 
5 in line 26, delete ","; 

in lines 29 and 30, delete "further alternative refinements" and insert — 
another embodiment—; 

in line 33, delete or" and insert —alternatively,—; 

in line 35, delete "this are"; and 
10 in lines 38 and 39, delete "As a consequence of a fiirther development," 

and insert —Furthermore,—. 



On page 6, in line 2, delete "since, in consequence," and insert —as—; 

in line 5, change "development" to —embodiment—; 

in line 14, delete "inter alia"; 
15 in lines 21 and 22, delete "be operated" and insert —operate—; 

in line 22, after "parallel" insert — ,— ; 

in line 23, delete "As a consequence of a" and insert —A—; 

in line 24, change "invention," to —invention for— and delete "is" and 
insert —embodies—; 
2 0 in line 25, delete "formed by"; 

in line 28, delete "respectively"; 

in lines 30 and 31, delete "high utilization of and insert -efficiently 
utilizes the- and delete "Based on this"; 

in Hne 32, delete "refinement, a" and insert -A-; 
2 5 in line 35, delete "This" and insert -In particular, this-; 

in line 36, delete "particularly"; 



in line 37, delete "In this" and insert --As such--; and 
in line 38, delete "case". 



On page 7, in line 2, delete "in" and insert -on- and delete "The" and 
insert —This--; 

5 in line 3, delete "refinement according to the invention"; 

in line 5, delete ","; 
in line 6, delete "to be used"; 

in line 10, change "method, with" to -method. Here,--; 
in line 11, change "being" (first occurrence) to —is— and delete "being"; 
10 in line 12, delete "changed," and delete "respectively"; 

in hne 13, delete "respectively" and after "band" insert -that is-; 
in line 16, after "quality" insert —because the—; 
in line 17, delete "since, in consequence,"; 
in line 20, delete ","; 

15 in line 2 1 , change "on reception, as a result of these changes" to -on the 

reception.—; 

delete line 22; 

in line 23, delete "development of the invention," and insert —In a further 
embodiment of the present invention-; 
2 0 in line 26, delete "known inter alia from" and insert —again disclosed by—; 

in line 27, delete "by" and insert —of— and delete "already mentioned 
above—; 

in line 28, change "since" to —because—; and 
in line 32, after "the" insert —present—. 

2 5 On page 8, in line 2, delete "since," and insert -because- and delete 



"present-day" and insert —current--; 
delete lines 4-7; 
after line 7, insert — 

BRIEF DESCRIPTION OF THE DRAWINGS -; 
in line 13, change "," to ~.~; 
in line 16, change to --.—; 
in line 20, change "," to ~.~; 

in line 23, delete "as shown in" and insert -of— and delete ", and" and 
insert --.--; 

after line 27, insert ~ 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS -; 

and 

in line 28, insert the following - 

The method and the radio station according to the present invention will 
now be explained in more detail with reference to the drawings.--. 



On page 9, in line 2, change ", and" to — . Also,--; 
in line 5, after "BS" insert — ,— ; 

in line 10, before "mobile" insert —exemplary— and delete ", which is"; 
in line 11, delete "mentioned by way of example, and" and insert — . These 
2 0 radio signals—; 

in line 19, delete "which" and insert —that— and delete "severely"; 

in line 29, delete "to" and insert —through—; and 

in line 35, after "TDD" insert —(Time Division Duplex)—. 
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On page 10, in line 7, delete "A" and insert -Here, a-; 
in line 8, delete "in this case"; and 



in line 10, before "structured" insert —similarly— and delete "in the same 

way". 

On page 11, delete "Such" and insert —Examples of such—; 
in line 4, delete ", which" and insert -that-; 
5 in line 5, change "AW, are," to —AW are;—; 

in line 6, delete "for example,"; 
in line 18, change "which" to -that-; 
in line 20, delete "respectively"; 
in line 27, delete "," and insert — .— ; and 
10 in line 28, delete "that is to say" and insert -In other words,-. 

On page 12, in line 7, after "reception" insert —also—; 

in line 8, before "transmission" insert —selection of the—; delete "to be 
deduced"and delete "since" and insert —as—; 

in line 14, change "A second example indicates a further option. In" to — 
1 5 Another alternative is illustrated by the following example.—; 

in line 15, delete "this case, a" and insert —A—; 

in line 19, before "receive" insert —simultaneously—; 

in line 20, delete "at the same time"; 

in line 25, delete "which have been determined"; 
2 0 in line 26, change "for" to —(for—; and 

in line 27, change "signaling" to -signaling)-. 

On page 13, delete ", since" and insert — . This is because— and delete 

"as"; 

in line 11, delete "a resuh of which the" and insert -resulting in different- 
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in line 12, change "differ, mean" to denote--; 
in line 13, change "the situation" to —situations--; 
in line 14, change "in" to —to—; 
5 in line 16, change "for" to --(for--; 

in line 17, delete "has already been" and insert —previously— and delete 
"in the"; 

in line 18, delete "introduction to the description" and insert — )— ; 
in line 19, after "and" insert —the—; 
10 in line 20, delete "which in each case have"; 

in line 22, change "conditions. During" to —capability. This means that 
during—; 

in lines 24 and 25, delete "this refinement means that"; 
in line 30, delete ", as it were"; and 
15 in line 31, delete "according to" and insert —of— and before "invention" 

insert —present—. 

On page 14, delete "according to" and insert —of— and before "invention" 
insert —present—; 

in line 7, after "BS" insert — ,— ; 
2 0 in line 9, change "likewise" to —also—; 

in line 12, delete "it is found"; 

in line 14, delete "that" and delete "respectively"; and 
in line 39, delete "between". 

On page 15, in line 12, change "5," to -5.-; 
2 5 in line 13, delete "and this" and insert -This-; and 



in line 31, after "Provided" insert -that-. 
On page 16, in line 12, delete "has"; and 

in line 13, delete "been" and delete "with reference" and insert — 
according—. 

On page 17, in line 30, delete "is"; and 

in line 36, delete "in accordance with a" and insert —according to a—. 

On page 18, after line 2, add the following new paragraph — 
Although other modifications and changes may be suggested by those 
skilled in the art, it is the intention of the inventors to embody within the patent 
warranted hereon all changes and modifications as reasonably and properly come 
within the scope of their contribution to the art.—. 

IN THE DRAWINGS 

Please amend Figures 1, 2, 3, 4 and 5 to add English text for clarification 
as shown on the drawing copies marked in red attached to the Request for 
Approval of Drawing Changes filed simultaneously herewith. 

IN THE CLAIMS 

On substitute page , line 1, change "Patent Claims" to -We Claim:-. 
Please cancel claims 1-18 without prejudice. 
Please substitute claims 19-35 as follows. 

19. A method for signal transmission via a radio interface in a radio 
communications system, comprising the steps of: 

utilizing a subscriber separation method to distinguish between signals; 
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4 defining a radio channel by at least one of a frequency band and a connection- 
specific fine structure; 
6 assigning at least one radio channel for signal transmission between a first radio 

station and a second radio station; 
8 transmitting at least one signal via at least two transmission paths; 

determining for each transmission path at least one characteristic value, said 
1 0 characteristic value relating to transmission conditions on the radio 

interface; 

1 2 comparing said respective ones of at least one characteristic value among the at 

least two transmission paths, said respective ones of said at least one 
14 characteristic value being a same type of characteristic value among said at 

least two transmission paths; 
1 6 deriving a control signal based on said comparing step; and 

selecting a transmission path based on said control signal, said transmission path 
1 8 being selected specifically for the radio channel for transmitting a 

subsequent signal, said transmission path being selected on a periodically 
2 0 changing basis provided that a difference for any characteristic value 

among said at least two transmission paths does not exceed a 
2 2 predetermined threshold, said any characteristic value being a same type of 

characteristic value among said at least two transmission paths, said 
2 4 periodically changing basis ensuring transmission of at least two 

successive decorrelated signals via different transmission paths. 

20. A method according to claim 19, further comprising the steps of: 
2 sending said at least one signal by the second radio station and receiving said at 

least one signal by at least two anteima devices of the first radio station 
4 said receiving performed by utilizing a diversity reception, 
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determining characteristic values from said at least one signal received by said at 
5 least two antenna devices; and 

utilizing the control signal to actuate a switching device, said switching device 
8 switches a subsequent signal specifically for the radio channel to one of 

the at least two antenna devices of the first radio station. 



21. A method according to claim 19, fiarther comprising: 
2 separating in time said at least one signal; and 

transmitting said at least one signal via one transmission path in each case. 



22. A method according to claim 21, fiirther comprising: 
2 sending said at least one signal that is separated in time, in each case, by one 

antenna device of the first radio station and receiving the said at least one 
4 signal that is separated in time by the second radio station; 

determining characteristic values from a received signal; and 
6 utilizing the control signal to actuate a switching device, said switching device 

switches a subsequent signal specifically for the radio channel to one of at 
8 least two antenna devices of the first radio station. 



23. A method according to claim 22, fiirther comprising the steps of: 
2 transmitting said characteristic values to the first radio station; and 
deriving the control signal fi-om said characteristic values. 



2 



24. A method according to claim 22, fiirther comprising the steps of: 
deriving the control signal in the second radio station; and 
transmitting the control signal to the first radio station. 
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4 25. A method according to claim 23, wherein the characteristic values and 

the control signal are transmitted by utilizing in-band signaling. 

26. A method according to claim 19, wherein said connection-specific 
2 fine structure is formed by a CDMA code. 



27. A method according to claim 26, further comprising the steps of: 
2 utilizing a TD/CDMA method as the subscriber separation method; and 

defining the radio channel by a fi-equency band and a time slot and a CDMA code. 



28. A method according to claim 27, further comprising the step of: 
2 transmitting signals by utilizing a TDD method, said signals being transmitted 

from the first radio station to the second radio station and from the second 
4 radio station to the first radio station, separated in time, in one frequency 

band. 



29. A method according to claim 28, further comprising the step of: 
2 transmitting at least two successive signals with a time slot being changed, said 

time slot being utilized for transmission, said time slot being changed 
4 periodically and in synchronism with a time protocol of the subscriber 

separation method. 



30. A method according to claim 19, further comprising the step of: 
2 transmitting at least two successive signals with a fi-equency band being changed, 

said frequency band being utilized for transmission, said fi-equency band 
4 being changed periodically and in synchronism with a time protocol of the 

subscriber separation method. 
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31. A method according to claim 19, further comprising the step of: 

2 utilizing a joint detection method for transmitting signals between the first radio 
station and the second radio station. 

32. A method according to claim 19, wherein said at least one 

2 characteristic value is at least one of a bit error rate value aad a value proportional 

to a signal delay time between the first radio station and the second radio station 
4 and a value for a signal-to-noise ratio. 

33. A radio station for signal transmission via a radio interface in a radio 
2 communication system that utihzes a subscriber separation method to distinguish 

between signals, wherein a radio channel is defined by at least one of a frequency 
4 band and a connection-specific fine structure, said radio station comprising: 

at least one antenna device for at least one of receiving and sending at least one 
6 signal, said at least one signal being transmitted via at least two 

transmission paths; 

8 an evaluation device that determines at least one characteristic value, said 

characteristic value relating to transmission conditions on the radio 
1 0 interface for each of said at least two transmission paths; 

a control device that derives a control signal based on a comparison of respective 
1 2 ones of said at least one characteristic value among the said at least two 

transmission paths, said at least one characteristic value being a same type 
14 of characteristic value among the said at least two transmission paths, said 

control signal also being derived based on a comparison between a 
1 6 threshold value and a difference for any characteristic value among the 

said at least two transmission paths; and 
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18 a switching device that is actuated by the control signal and selects a transmission 

path for transmittal of a subsequent signal of the radio station for the radio 
2 0 channel, said switching device selects a transmission path on a 

periodically changing basis provided that a difference for any 
2 2 characteristic value among said at least two transmission paths does not 

exceed a predetermined threshold, said any characteristic value being a 
2 4 same t3^e of characteristic value among said at least two transmission 

paths, said periodically changing basis ensuring transmission of at least 
2 6 two successive decorrelated signals via different transmission paths. 

34. A radio station according to claim 33, wherein said radio station is 
2 designed as a base station in a mobile radio system. 

35. A radio station according to claim 33, wherein said radio station is 
2 designed as a mobile station in a mobile radio system. 

IN THE ABSTRACT 

In line 1 , change "Abstract" to --Abstract of the Disclosure--; 
delete hnes 3 and 4; 

in hne 6, change "In the method" to -A method and apparatus--; 
in line 7, change "system, at" to —system in which—; 
5 in line 8, delete "least one" and insert —a—; 

delete line 10, and insert —station. A signal is first transmitted via a 
minimum of—; 

in line 11, delete "least" and delete "At least one" and insert — 
Subsequently, a-; 

10 in line 14, before "transmission" insert —of the— , change "path" to —paths- 
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- and delete "derived"; 

delete lines 15-18, and insert —then derived based on a comparison of the 
characteristic value among the transmission paths. Subsequently, based on this 
control signal the optimal transmission path is selected for the upcoming signal 
15 transmissions.--; and 

delete line 20. 



The foregoing amendments to the specification and claims under Article 
41 of the Patent Cooperation Treaty place the application into a form for 
2 0 prosecution before the U.S. Patent and Trademark Office under 35 U.S.C. §371 . 
Accordingly, entry of these amendments before examination on the merits is 
hereby requested. 



REMARKS 



Respectfully submitted. 



25 




30 



Schiff Hardin & Waite 
Patent Department 
6600 Sears Tower 
Chicago, Illinois 60606 
Telephone: 312-258-5790 



ATTORNEY FOR APPLICANT 





JC08 Rec'd PCT/PTO 0 6 FEB 2001 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



RESPONSE TO NOTICE OF MISSING REQUIREMENTS AND 
PRELIMINARY AMENDMENT "A" 



APPLICANT: 



Jorg Dauerer et al. 



Docket No. POO, 1862 



SERIAL NO: 



09/701,668 



GROUP ART: 



DATE FILED: 



November 29, 2000 



EXAMINER: 



O 



INVENTION: 



"METHOD AND RADIO STATION FOR SIGNAL ^ 
TRANSMISSION IN A RADIO COMMUNICATIOht '2. 
SYSTEM" g 




O f 

01 

on 




Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

In response to the Notification of Missing Requirements dated 5 
January 2001 indicating a defective translation, Applicants hereby submit a 
new translation of the International Application in to English. A copy of the 
Notification and a check in the amount of the fee is also enclosed. 

Applicants assert that the Notification of Missing Requirements 
requesting an oath/declaration, (Part 2 box C), is in error, and correction is 
required. 

Applicant also encloses a substitute Specification and a separate 
marked up copy to show all changes relative to the new English translation, 
according to 37CFR 1 .125 (b). Accordingly, please replace the specification 
in the file with the enclosed Substitute specification. The substitute 
Specification includes no new matter. 

Please disregard the previously submitted Preliminary Amendment 
mailed on November 29, 2000. 

IN THE CLAIMS 

On substitute page , line 1, change "Patent Claims" to -We Claim:-. 
Please cancel claims 1-19 without prejudice. 
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Please add new claims 20-36 as follows: 

20. A method for signal transmission via a radio interface in a radio 
communications system, comprising the steps of: 
utilizing a subscriber separation method to distinguish between signals; 
defining a radio channel by at least one of a frequency band and a 

connection-specific fine structure; 
assigning at least one radio channel for signal transmission between a first 

radio station and a second radio station; 
transmitting at least one signal via at least two transmission paths; 
determining for each transmission path at least one characteristic value, said 

characteristic value relating to transmission conditions on the radio 

interface; 

comparing said respective ones of at least one characteristic value among the 
at least two transmission paths, said respective ones of said at least 
one characteristic value being a same type of characteristic value 
among said at least two transmission paths; 
deriving a control signal based on said comparing step; and 
selecting a transmission path based on said control signal, said transmission 
path being selected specifically for the radio channel for transmitting a 
subsequent signal, said transmission path being selected on a 
periodically changing basis provided that a difference for any 
characteristic value among said at least two transmission paths does 
not exceed a predetermined threshold, said any characteristic value 
being a same type of characteristic value among said at least two 
transmission paths, said periodically changing basis ensuring 
transmission of at least two successive decorrelated signals via 
different transmission paths. 



21 . A method according to claim 20, further comprising the steps of: 
sending said at least one signal by the second radio station and receiving said 

at least one signal by at least two antenna devices of the first radio 
station said receiving performed by utilizing a diversity reception, 

determining characteristic values from said at least one signal received by 
said at least two antenna devices; and 

utilizing the control signal to actuate a switching device, said switching device 
switches a subsequent signal specifically for the radio channel to one 
of the at least two antenna devices of the first radio station. 

22. A method according to claim 20, further comprising: 
separating in time said at least one signal; and 

transmitting said at least one signal via one transmission path in each case. 

23. A method according to claim 22, further comprising: 
sending said at least one signal that is separated in time, in each case, by 

one antenna device of the first radio station and receiving the said at 
least one signal that is separated in time by the second radio station; 
determining characteristic values from a received signal; and 
utilizing the control signal to actuate a switching device, said switching device 
switches a subsequent signal specifically for the radio channel to one 
of at least two antenna devices of the first radio station. 

24. A method according to claim 23, further comprising the steps of: 
transmitting said characteristic values to the first radio station; and 
deriving the control signal from said characteristic values. 

25. A method according to claim 23, further comprising the steps of: 
deriving the control signal in the second radio station; and 

transmitting the control signal to the first radio station. 
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26. A method according to claim 24, wherein the characteristic values 
and the control signal are transmitted by utilizing in-band signaling. 

27. A method according to claim 20, wherein said connection-specific 
fine structure is formed by a CDMA code. 

28. A method according to claim 27, further comprising the steps of: 
utilizing a TD/CDMA method as the subscriber separation method; and 
defining the radio channel by a frequency band and a time slot and a CDMA 

code. 

29. A method according to claim 28, further comprising the step of: 
transmitting signals by utilizing a TDD method, said signals being transmitted 

from the first radio station to the second radio station and from the 
second radio station to the first radio station, separated in time, in one 
frequency band. 

30. A method according to claim 29, further comprising the step of: 
transmitting at least two successive signals with a time slot being changed, 

said time slot being utilized for transmission, said time slot being 
changed periodically and in synchronism with a time protocol of the 
subscriber separation method. 

31 . A method according to claim 20, further comprising the step of: 
transmitting at least two successive signals with a frequency band being 

changed, said frequency band being utilized for transmission, said 
frequency band being changed periodically and in synchronism with a 
time protocol of the subscriber separation method. 
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32. A method according to claim 20, further comprising the step of: 
utilizing a joint detection method for transmitting signals between the first 

radio station and the second radio station. 

33. A method according to claim 20, wherein said at least one 
characteristic value is at least one of a bit error rate value and a value 
proportional to a signal delay time between the first radio station and the 
second radio station and a value for a signal-to-noise ratio. 

34. A radio station for signal transmission via a radio interface in a 
radio communication system that utilizes a subscriber separation method to 
distinguish between signals, wherein a radio channel is defined by at least 
one of a frequency band and a connection-specific fine structure, said radio 
station comprising: 

at least one antenna device for at least one of receiving and sending at least 
one signal, said at least one signal being transmitted via at least two 
transmission paths; 

an evaluation device that determines at least one characteristic value, said 
characteristic value relating to transmission conditions on the radio 
interface for each of said at least two transmission paths; 

a control device that derives a control signal based on a comparison of 

respective ones of said at least one characteristic value among the 
said at least two transmission paths, said at least one characteristic 
value being a same type of characteristic value among the said at least 
two transmission paths, said control signal also being derived based on 
a comparison between a threshold value and a difference for any 
characteristic value among the said at least two transmission paths; 
and 

a switching device that is actuated by the control signal and selects a 

transmission path for transmittal of a subsequent signal of the radio 
station for the radio channel, said switching device selects a 
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transmission path on a periodically changing basis provided that a 
difference for any characteristic value among said at least two 
transmission paths does not exceed a predetermined threshold, said 
any characteristic value being a same type of characteristic value 
among said at least two transmission paths, said periodically changing 
basis ensuring transmission of at least two successive decorrelated 
signals via different transmission paths. 

35. A radio station according to claim 34, wherein said radio station is 
designed as a base station in a mobile radio system. 

36. A radio station according to claim 34, wherein said radio station is 
designed as a mobile station in a mobile radio system. 

REMARKS 

Please disregard the previously submitted Preliminary Amendment 
mailed on November 29, 2000 because of an inadvertent error in the 
translation that caused inaccurate numbering of the claims. 

Applicants assert that the Notification of Missing Requirements 
requesting an oath/declaration, (Part 2 box C ), is in error. Specifically, the 
Applicants filed the Declaration of the inventors on November 29, 2000. The 
Declaration identifies the German language PCT application as attached. 
The translation error does not effect the validity of the executed Declaration. 
The receipt of the Declaration is acknowledged by the PTO as indicated by 
marking under Part 1 of the Notification of Missing Requirements. Likewise, 
the returned post card receipt, a copy of which is enclosed, shows that the 
"executed Declr." was received by the Patent and Trademark Office on 
November 29, 2000. Accordingly, Applicants submit that the Declaration has 
already been filed. 
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The foregoing amendments to the claims under Article 41 of the Patent 
Cooperation Treaty place the application into a form for prosecution before 
the U.S. Patent and Trademark Office under 35 U.S.C. §371. Accordingly, 
entry of these amendments before examination on the merits is hereby 
requested. 



I hereby certify that this correspondence is being deposited with the 
United States Postal Service as First Class Mail in an envelope addressed to: 




Chicago, Illinois 60606 
Telephone (312)258-5500 - Ext. 5785 
FAX (312)258-5700 
ATTORNEY FOR APPLICANT 



CUSTOMER NO. 26574 



Certificate of Mailing 



Assistant Commissioner for Patent 
Washington, D.C. 20231 



on February 2, 2000. 




Robinson 
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SPECIFICATION 



TITLE 



METHOD AND RADIO STATION FOR SIGNAL TRANSMISSION 
IN A RADIO COMMUNICATIONS SYSTEM 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The invention relates to a method and a radio station for signal transmission in 
a radio communications system, in particularto a mobile radio communication system. 
Description of the Prior Art 

In radio communications systems, data information such as voice, video 
information or other data type are transmitted by means of electromagnetic waves via 
a radio interface between a transmitting and a receiving radio station, for example, a 
base station and a mobile station, in the case of a mobile radio system. As such, the 
electromagnetic waves are transmitted at carrier frequencies that are in the frequency 
band intended for the selected system. The carrier frequencies for the GSM mobile 
radio system (Global System for Mobile Communication) are in the 900 MHz, 
1 800 MHz and 1 900 MHz bands. Carrier frequencies in the band around 2 000 MHz 
are intended to be used for future mobile radio systems using CDMA (Code Division 
Multiple Access) and TD/CDMA transmission methods via the radio interface, such as 
the UMTS (Universal Mobile Telecommunication System) or other 3rd generation 
systems. 

The signals to be transmitted are formed In a transmitting devices in the radio 
station. The transmission signals are advanced, (via cable links and various other 
devices such as preamplifiers etc.) to an antenna device which, finally transmits the 



radio signals. The transmitted radio signals are received and evaluated by a receiving 
devices in the receiving radio station. 

In real operational conditions for radio communications systems, the radio 
signals are subject to numerous types of interference and reach the receiving device 
on various propagation paths. Apart from a direct propagation path, the radio signals 
can also be reflected or refracted or absorbed on obstructions such as mountains, 
trees, buildings, etc... The radio signals from the various propagation paths are super- 
imposed in the receiving device. This leads to cancellation effects which at times have 
severe adverse effects on reception of the radio signals, in this context refer to 
J.D. Parsons, "The Mobile Radio Propagation Channel", Pentech Press Publishers, 
London, 1992, pages 108-113. 

Various methods are known for overcoming these cancellation or fading effects. 
For example, these fading effects can be reduced by antenna diversity, i.e., by using 
a number of antennas for the transmitting and/or receiving device. However, since the 
use of antenna diversity means an increase in the costs and complexity in the base 
station and in the mobile station of a mobile radio system, antenna diversity has so far 
been used only in the base stations. 

Furthermore, according to the GSM mobile radio system, the reception 
conditions can be improved by using a frequency hopping method (FH), that is to say 
changing the transmission frequency for the radio signals (M. Mouly, M.B. Pautet, "The 
GSM System for Mobile Communications", 1992, inter alia, pages 218-223). 
Furthermore, methods and devices are known from the prior art according to the 
documents DE 44 32 928, WO 93/20625 and WO 95/32558 which use a combination 
of a frequency hopping method and an antenna diversity method. Apart from complex 



implementation, these methods have the disadvantage that they cannot be used forthe 
broadband 3rd generation mobile radio systems. For these systems it is predicted 
that only one frequency band will be available in each of the uplink and downlink 
direction forthe FDD method (FDD - Frequency Division Duplex), and forthe uplink and 
5 downlink direction for the TDD method (TDD - Time Division Duplex). 

A mobile radio system based on microcells is known from the article by Kondo, 
Suwa "Linear Predictive Transmission Diversity for TDMA/TDD Personal 
Communication Systems", lEICE Trans. Commun., Vol. E79-B, No. 10, October 1996, 
pages 1586-1591, in which the base station makes a linear prediction of the signal 
10- strength at the mobile station on the basis of the reciprocity between the uplink and the 
^ downlink direction. The base station receives a signal in the uplink direction from the 
-~ mobile station using reception diversity by means of two antenna devices, and 
r measures the signal strength of the received signal during the reception time. The base 
^ station uses these measurements to determine which antenna produces the greatest 
isir signal strength at the location of the mobile station. Subsequently, the base station 
y transmits the signal in the downlink direction via the selected antenna. 

SUMMARY OF THE INVENTION 

An object of the present invention is to specify a method and a radio station that 
alleviates the cancellation effect in radio communications systems. This object is 
2 0 achieved by assigning at least one radio channel between a first radio station and 

transmitting at least one signal via a minimum of two transmission path. Subsequently, 
at least one characteristic value (such as, RXLE, RXQUAL, ta, C/l) that relates to the 
transmission condition on the radio interface is determined for each transmission path. 
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By comparing a specific characteristic value among the transmission paths one 
transmission path is selected based on a control signal. If the difference between the 
specific characteristic value on the various transmission paths remains below a 
predetermined threshold value, the transmission path changes periodically such that 
a minimum of two successive decorrelated signals are transmitted via different 
transmission paths. 

Accordingly, the present invention uses a subscriber separation method to 
distinguish between signals, such that a radio channel is defined by at least a frequency 
band and a connection-specific fine structure, at least one radio channel is assigned for 
signal transmission between a first and a second radio station and at least one signal 
is transmitted via at least two transmission paths. At least one characteristic value 
relating to the transmission conditions on the radio interface is determined for each 
transmission path. A control signal is derived from a comparison of the mutually 
corresponding characteristic values, by means of which control signal the transmission 
path is selected specifically for the radio channel for transmitting a subsequent signal. 

This method advantageously offers the capability to determine a characteristic 
value for each transmission path, in order to carry out an assessment of the 
transmission conditions for a transmission path. The comparison of the respective 
characteristic values determined for each transmission path is used to select the most 
suitable path, and one or more subsequent signals are transmitted on this path. The 
determination of this characteristic values is carried out separately and specifically for 
each radio channel this is because the transmission conditions may differ depending 
on the type of connection-specific fine structure used. Accordingly, when a number of 
radio channels within one frequency band are used for signal transmission, the optimum 



transmission path is determined for each radio channel and thus the transmission 
characteristics are advantageously optimized. 

In one embodiment of the present invention the signal is sent by the second 
radio station and is received via at least two antenna devices of the first radio station 
using diversity reception. The characteristic values are subsequently determined and 
the control signal derived based on the signal received by the respective antenna 
device. The control signal then actuates a switching device which switches a 
subsequent signal specifically for the radio channel to one of the antenna devices of the 
first radio station. Accordingly, it is possible to determine in the first radio station the 
better antenna device, i.e., the optimal transmission path to receive the signal sent by 
the second radio station. Conclusions may then to be drawn on the transmission 
situation for the first radio station. This makes it possible to use the switching device 
that selects the antenna device offering the better transmission quality. 

Alternatively, in a second embodiment of the present invention, the signal is 
transmitted, separated in time, via one transmission path. Accordingly, this further 
refinement of the invention means that the signal which is separated in time is sent by, 
in each case, one antenna device of the first radio station, and is received by the 
second radio station. The characteristic values are then determined from the received 
signal, and the control signal is derived from their comparison. The control signal is 
used to actuate a switching device, which switches a subsequent signal specifically for 
the radio channel to one of the antenna devices of the first radio station. This 
refinement advantageously allows the transmission conditions on the radio interface to 
be determined in the second radio station even if the latter has only one antenna device 



and allows the subsequent signals to be switched to one of the antenna devices of the 
first radio station. 

In this case, according to another embodiment, the characteristic values 
determined in the second radio station can be transmitted to the first radio station, 
5 which derives the control signal from them and actuates the switching device 

alternatively, the control signal is derived in the second radio station from the specific 
characteristic values and transmitted to the first radio station, with the control signal 
actuating the switching device in the first radio station. Furthermore, the characteristic 
values and the control signal can advantageously be transmitted using in-band signaling 
icC? as there is no disadvantageous effect on the transmission capacity of the respective 
2^ radio channel. 

D 

fjT According to a further embodiment of the invention, when a number of radio 

m channels are assigned for signal transmission between the first radio station and the 
p second radio station, the control signal is derived from a comparison of all the mutually 
153 corresponding characteristic values intended for the respective radio channels. The 
O control signal is used to select a common transmission path for all the radio channels 
for the subsequent signals. This method, which is referred to as channel pooling, is 
known from the article by J. Mayer, J. Schlee, T. Weber "Protocol and Signalling 
Aspects of Joint Detection CDMA", PIMRC'97, Helsinki, 1997, pages 867-871. The 
2 0 channel pooling method is used advantageously, for example, in order to allow 

communications links to be provided with different data rates to and from radio stations, 
or to allow a number of services to operate in parallel, on one communications link. 

A further refinement of the invention for the connection-specific fine structure 
embodies a CDMA code. The subscriber separation methods chosen for the third 
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generation mobile radio system UMTS, according to wliich a distinction is drawn 
between subscribers on the basis of the CDMA code, advantageously allows a large 
number of radio channels in one broadband frequency band, and thus efficiently utilizes 
the scarce radio resources. A further refinement uses a TD/CDMA method as the 
5 subscriber separation method. In this case, a radio channel is defined by a frequency 

band, a timeslot and a CDMA code. In particular, this subscriber separation method 
can be used advantageously if the signals are transmitted using a TDD method. As 
such, the signals are transmitted from the first radio station to the second radio station, 
and from the second radio station to the first radio station, separated in time, on one 
icC3 frequency band. This allows the most suitable transmission path to be determined 
specifically for each radio channel in a timeslot and for transmitting subsequent signals. 
^ In addition to the selection of a transmission path, further refinements of the 

J invention allow at least two successive signals to be transmitted, using a TD/CDMA 
p subscriber separation method. Here, the timeslot is changed and/or with the frequency 
Id band and with the used timeslot or the used frequency band that is being changed 
O periodically and in synchronism with the time protocol of the subscriber separation 
method. These refinements have the advantage of increased transmission quality 
because the interference which occurs in specific timeslots or in a specific frequency 
band interferes with only a small proportion of the transmitted signals and thus has only 
2 0 a minor effect on the reception. 

In a further embodiment of the present invention the transmitted signals are 
received in the first radio station and/or in the second radio station using a joint 
detection method. This method, which is again disclosed by the article of J. Mayer et. 
al., allows the reception quality to be increased advantageously because all the fine 
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structures in use are used for detection of a signal which is coded by means of a 
connection-specific fine structure. 

According to a further refinement of the present invention, the characteristic 
value can be related to a reception level, a bit error rate and/or a value proportional to 
the signal delay time between the first radio station and the second radio station, and/or 
to a signal-to-noise ratio. Characteristic values which can be found particularly easily 
in radio communications systems are the reception level and the bit error rate (which 
are quoted as scaled values RXLEV, RXQUAL) because as a rule, they already exist 
in current implementations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a block diagram of a radio communications system, in particular 
of a mobile radio system, and a radio communications system-typical operational 
environment which is characterized by multipath propagation. 

Figure 2 shows a schematic illustration of the frame structure of the radio 
interface, and of the construction of a radio block. 

Figure 3 shows a block diagram of the radio station according to the invention 
as a base station and a mobile station In a mobile radio system. 

Figure 4 shows a flowchart of the method according to the invention for the radio 
communications system of Figure 1. 

Figure 5 shows an illustration with respect to time of an example of signal 
transmission from the point of view of a base station in a mobile radio system. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The method and the radio station according to the present invention will now be 
explained in more detail with reference to the drawings. 

The radio communications system illustrated in Figure 1 and in the form of a 
5 mobile radio system comprises a large number of mobile switching centers MSG, which 

are networked to one another and produce access to a landline network PSTN. 
Furthermore, these mobile switching centers MSG are each connected to at least one 
device RNM for allocating radio resources. Each of these devices RNM in turn allows 
O a connection to be set up to at least one base station BS. Such a base station BS is 
icN a radio station which can set up links via a radio interface to other radio stations, for 
^ example to mobile stations MS or to stationary terminals. At least one radio cell is 
g| formed by each base station BS. Also, radio stations located in the area of this radio 
O cell are supplied with radio resources. In addition, a number of radio cells can be 
C supplied by each base station BS, if sectorization is used or if the cell structures are 
1^3 hierarchical. 

In real operational conditions for radio communications systems, radio signals 
are subject to widely differing types of interference between the base station BS and the 
exemplary mobile station MS. These radio signals reach the receiving device in the 
mobile station MS on very different propagation paths. Apart from a direct propagation 
2 0 path, the radio signals can also be reflected or detracted on obstructions such as 

mountains, trees, buildings or the like. The radio signals from the various propagation 
paths are superimposed in the receiving device, which leads to cancellation effects that 
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can adversely affect reception of the radio signals. The functionality of the illustrated 
structure is used by the radio communications system according to the invention. 

The frame structure of the radio interface, as it is implemented in the third 
generation mobile radio system UMTS, is shown in Figure 2. A broadband frequency 
5 band, for example with a bandwidth of B = 5 MHz, is split in accordance with a TDMA 

component into a number of timeslots ts, for example 16 timeslots ts1 through ts16. 
Each timeslot ts within the frequency band B forms a frequency channel fk. The 
successive timeslots ts within the frequency band B are broken down in accordance 
with a frame structure. Thus, for example, 16 timeslots tsl to ts16 are combined to 
icO form a frame fr. 
l!? When using a TDD (Time Division Duplex) transmission method, some of the 

^' timeslots tsl to ts16 are used for signal transmission in the uplink direction, and some 
m of the timeslots tsl to tsl 6 are used for transmission in the downlink direction, with the 
o transmission in the uplink direction taking place, for example, at a time before the 
1^ transmission in the downlink direction. In-between, there is a switching point SP, by 
p means of which it is possible to vary the number of timeslots which are used for 
transmission in the uplink direction and the number of timeslots for the downlink 
direction in a flexible manner. Here, a frequency channel fk for the uplink direction 
corresponds to the frequency channel fk for the downlink direction. The other frequency 
20 channels fk are similarly structured. 

Within the frequency channels fk which are intended for user data transmission, 
information from a number of communications links is transmitted in radio blocks. 
These radio blocks for user data transmission are composed of sections with data d, 
each of which has sections embedded in it containing training sequences tseql to tseqn 
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which are known at the reception end. The data d are spread on a connection-specific 
basis using a fine structure, a spread code c (CDMA code), so that, for example, n links 
can be separated by this CDMA component at the reception end. 

The spreading of individual symbols of data d with Q chips means that 
5 subsections of duration tchip are transmitted within the symbol duration tsym. The Q 

chips in this case form the individual CDMA code c. A guard time gp is also provided 
within the timeslot ts, to compensate for different signal delay times on the links for 
successive timeslots ts. 

By way of example, Figure 3 shows two radio stations, which are in the form of 
icCii a base station BS and a mobile station MS in a mobile radio system. There is a radio 
"jj link for signal transmission between the two radio stations BS and MS. The base 
^ station BS is equipped with two antenna devices A1 and A2 and a transmitting/receiving 
device TRX, via which it can transmit and receive user and signaling information. An 
o evaluation device AW, which is also provided in the base station BS, is supplied with 
1^ signals output from the respective reception path of the two antenna devices A1 and 
O A2, and characteristic values relating to the transmission conditions of the radio 
interface are in each case determined from them. Example of such characteristic 
values that may be obtained only after internal conversions in the evaluation device AW 
are; the reception lever RXLEV, a scaled variable relating to the bit error rate RXQUAL, 
2 0 a lead time ta or a signal-to-noise ratio C/l. The characteristic values RXLEV, RXQUAL 

can be signaled, for example, by the mobile station MS as in the GSM mobile radio 
system, while the details relating to the signal delay time can be obtained in the form 
of the lead time ta, and the details relating to the signal-to-noise ratio C/l 
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can be obtained from the received signals in thie base station BS itself. 

The characteristic values determined for the respective reception path are 
supplied to a control device SE that is connected downstream of the evaluation device 
AW and carries out a comparison of mutually corresponding characteristic values. The 

5 control device SE uses this comparison to derive a control signal stsig and thus 

actuates a switching device UE which switches signals to be sent in radio channels 
downstream of the transmitting/receiving device TRX to one of the antenna devices A1 
or A2. In this case, the signals can be switched independently for transmission and 
reception. In other words, the signals sent by the mobile station MS are, for example, 
l(D received via both antenna devices A1 and A2 and are supplied to the 
transmitting/receiving device TRX. This is used advantageously according to the 

r invention if the reception of the radio channels in the base station BS takes place using 

^ a joint detection method. 

O Various scenarios are feasible for determining the characteristic values and for 

1^3 deriving the control signal stsig. According to a first example, this can be done by the 
C mobile station MS sending a signal in an assigned radio channel, with this signal being 
received by the two antenna devices A1 and A2 using a diversity principle. The 
evaluation device AW uses this received signal to determine the respective 
characteristic values for the subsequent determination of which transmission path and 
2 0 which antenna device A1 or A2 offers the better transmission conditions. This 

determination process related to reception also allows the selection of the transmission 
situation, as the transmission conditions are generally identical for transmission and 
reception. The control device SE in the base station BS selects that antenna device A1 
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or A2 via which signals are then sent in the downiinl< direction in the same radio 
channel. 

Another alternative is illustrated by the following example. A signal is in each 
case transmitted in a radio channel to the mobile station MS, separated in time, by the 
5 base station BS. Time separation is required since the mobile station MS has only one 

antenna device A3 and is thus unable to simultaneously receive two signals in the same 
radio channel. The mobile station MS is in this case equipped with an evaluation device 
AW in which it can determine characteristic values relating to the transmission 
conditions on the respective transmission path. These characteristic values are then 
i(0 sent by the mobile station MS, (for example via in-band signaling), to the base station 
jf BS, in which the values are supplied to the control device SE which uses them to derive 

the control signal stsig for actuating the switching device UE. 
m According to a third example, the mobile station MS may also be equipped with 

□ a control device SE, using which it derives a control signal stsig directly from the 

ft! 

1^ characteristic values determined in the evaluation device AW, and transmits this control 
p signal stsig to the base station BS, with the switching device UE being actuated by this 
control signal stsig. 

Furthermore, it is feasible for characteristic values relating to the transmission 
conditions for the radio channel to be determined both in the base station BS and in the 
2 0 mobile station MS, and for these values to be supplied to the control device SE in the 

base station BS, which means that it is possible to make a more accurate estimate 
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of the actual transmission conditions on the radio interface. 

The characteristic values should be determined separately for each radio 
channel in a timeslot in a radio communications system having TD/CDIVIA subscriber 
separation. This is because the different CDMA spread codes c, resulting in different 
radio channels in a timeslot ts, denote that different transmission conditions may also 
occur. In situations where a number of radio channels are assigned to one timeslot ts 
for signal transmission between the base station BS and the mobile station MS, (for 
example using the channel pooling principle as previously explained), characteristic 
values are determined separately for each radio channel and the signals to be sent from 
the base station BS are sent via the antenna device A1 or A2 which has the better 
transmission capability. This means that during the process of assigning radio channels 
in a timeslot ts to a number of mobile stations MS, the best transmission path is 
selected for each radio channel. Depending on the selected antenna device A1 , A2 via 
which subsequent signals will be sent in the respective radio channel, the transmission 
power for each timeslot ts and CDMA code c can be controlled separately. 

The method of the present invention can also be applied, for example, in the 
same way to CDMA subscriber separation methods, in which a radio channel is in each 
case defined by the frequency band B and a CDMA code c. In this case, characteristic 
values are in each case determined and a transmission path for the radio channel is 
selected, for example, at periodic time intervals. 
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The method of the present invention can be simplified in that, for example, a 
number of radio channels which have been assigned to a single communications linl< 
between the base station BS, and a mobile station MS on the channel pooling principle 
are each sent via only one antenna device A1 or A2 of the base station BS if the 
5 differences in the transmission conditions on the basis of the different CDMA code c are 

not significant. This also simplifies the process of controlling the transmission power 
for transmission to the individual mobile stations MS. 

If during the process of determining the characteristic values for the reception 
paths the difference between the determined characteristic values for the two reception 
1CC3 paths of the antenna device A1 , A2 is not greater than a predetermined threshold value, 
y that is to say the transmission conditions for both paths are, for example, virtually 

l! identical, protected signal transmission can be achieved by periodically changing 

m 

ff, between the antenna device A1, A2 when the base station BS is transmitting. This 
Q results in successive, decorrelated signals at the mobile station MS location, thus 
15=3 advantageously improving the transmission quality when interference is present on the 
O radio interface. 

For additional decorrelation of successive signals, it is also possible, for example, 
to change the timeslot ts while maintaining the assigned CDMA code c if transmission 
problems occur repeatedly in specific timeslots ts. A further option, in the situation 
2 0 where a number of frequency bands B are available to the radio communications 

system, is to change between the frequency bands B using a type of frequency hopping 
method. 
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Figure 4 shows an example of a flowchart for one refinement of the method 
according to the invention. By way of example, in the flowchart block identified by the 
number 1 , a signal is sent via the radio interface from the mobile station MS to the base 
station BS. The transmitted signal is transmitted, for example, in an assigned radio 
5 channel. The block identified by 2 represents reception of the transmitted signal in the 

base station BS via two antenna devices A1 and A2 using diversity reception. 
According to the blocks 3 and 4, the signal received via the respective antenna device 
A1 and A2 is used to determine characteristic values relating to the transmission 
conditions on the radio interface for the respective transmission paths. The 
ICO: characteristic values which are determined and correspond to one another are 
compared with one another in the block 5. This can be done, for example, in an 
^ evaluation device AW in the base station BS. The decision resulting in the selection of 
P the better transmission conditions is made in the decision block 6 depending on the 
□ type of characteristic values. If the transmission conditions for the transmission path 
is3 via the first antenna device A1 are better than the transmission conditions via the 
P second antenna device A2, then, in the block 7, the signals to be sent subsequently are 

Mi 

switched in the radio channel via the first antenna device A1 to the mobile station MS. 
If, on the other hand, the transmission conditions via the second antenna device A2 are 
better, then, as shown in block 8, signals to be sent subsequently by the base station 
2 0 BS are sent via the second antenna device A2. 

In addition to the procedure shown in Figure 4, the sequence can be 
supplemented, for example, by checking the difference between the specific 
characteristic values of the reception paths. Provided that this difference is not greater 
than a predetermined threshold value, then signals to be sent subsequently are 
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alternately switched to In each case one antenna device A1 or A2 using an antenna 
hopping method, thus advantageously decorrelating the transmitted signals. The 
evaluation of the signals sent by the mobile station MS can in this case be controlled 
by a timer, which Is matched to the subscriber separation method and/or is 
synchronized with it. 

Figure 5 shows a three-dimensional diagram in which, byway of example, signal 
transmission according to the invention is carried out in a radio communications system 
having TD/CDMA subscriber separation and in which the uplink and downlink directions 
are separated using a TDD method. Firstly, the time t is plotted in the horizontal plane 
and is split into frames fr1 to fr4 using the TDMA subscriber separation method. Each 
frame fr1 to fr4 is subdivided into, for example, 16 timeslots ts1 to ts16. As already 
explained according to Figure 2, the uplink and downlink directions are separated by a 
switching point SP, so that transmission takes place in both the uplink direction and the 
downlink direction within one frame fr. Furthermore, a distinction on the basis of the 
CDMA code c is made in the horizontal plane. By way of example, four possible CDMA 
codes c1 to c4 are shown, which allow separation into four radio channels within one 
timeslot ts when using a frequency band b. In the vertical direction, two antenna 
devices A1 and A2 are shown, by way of example, via which the signals can be sent 
from the base station BS. 

The example shown in Figure 5 is based on two radio channels being assigned 
to a communications link between a base station BS, which has two antenna devices 
A1 and A2, and a mobile station MS, using the channel pooling 
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principle. The diagram in this case shows the processes of reception and transmission 
from the point of view of the base station BS. This configuration, which is illustrated by 
way of example, corresponds to Figure 3. In the initial situation, the allocated radio 
channels are defined in the first frame fr1 by the timeslot ts4 for the uplink direction and 
5 by the timeslot ts12 for the downlink direction, and by the CDMA codes c1 and c3 as 

well. Accordingly, in the first frame fr1, the mobile station MS sends signals in the 
uplink direction in the timeslot ts4, using the CDMA codes c1 and c3, to the base station 
BS. The transmitted signals are received via the antenna devices A1 and A2 in the 
base station BS, and characteristic values relating to the respective transmission 
ICQ conditions on the radio interface are determined for each reception path and radio 
^ channel. Depending on the result of the evaluation in the evaluation device AW in the 
t!: base station BS, the signals to be sent in the downlink direction are switched to a 
respective one of the antenna devices A1 or A2. For example, in the timeslot ts12 
P intended for the downlink direction in the first frame fr1, the base station BS sends 

fi'i 

153 signals via the first antenna unit A1 in the radio channel identified by the first CDMA 
O code c1 , if it has been found that the transmission characteristics for the first antenna 
device A1 are better (shaded areas). For example, the characteristic values can be 
determined in each frame fr1 to fr4. In this case, the antenna device A1 is used for 
transmission in each frame fr1 to fr4 for this radio channel in the example. 

20 For the radio channel identified by the third CDMA code c3, characteristic values 

are determined for both reception paths, whose difference does not exceed a 
predetermined threshold value. In order to exploit this situation to obtain advantageous 
decorrelation of signals in two successive frames fr1, fr2, the signals in the radio 
channel are each switched alternately to the second antenna device A2 and to the first 
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antenna device A1, as illustrated in the diagrann. In addition, the diagram shows a 
sequence of changing the timeslots ts between the individual frames fr1 to fr4, which 
can also be referred to as a timeslot hopping method. In this case, the timesiot ts 
respectively used for the uplink direction and downlink direction is changed according 
to a predetermined algorithm or time sequence while retaining the CDMA code c, thus 
reducing the effect on the reception quality of interference which in each case occurs 
only in specific timeslots ts. 

Although other modifications and changes may be suggested by those skilled in 
the art, it is the intention of the inventors to embody within the patent warranted hereon 
all changes and modifications as reasonably and properly come within the scope of 
their contribution to the art. 
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ABSTRACT OF THE DISCLOSURE 

A method and apparatus for signal transmission via a radio interface in a radio 
communications system in wliich a radio cfiannei is assigned for signal transmission 
between a first and a second radio station. A signal is first transmitted via a minimum 
of two transmission paths. Subsequently, a characteristic value relating to the 
transmission conditions on the radio interface is determined for each of the 
transmission paths. A control signal is then derived based on a comparison of the 
characteristic value among the transmission paths. Subsequently, based on this 
control signal the optimal transmission path is selected for the upcoming signal 
transmissions. 
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J>tejyiod__SLrid_xaiiij3^ for signal transmi ssion in a 

radio c o mmun i c a t i ong__s,yat:em_— 

5 

The invention relates to a method and a radio 
station for signal transmission in a radio 
communications system, in particular in a mobile radio 
system. 

10 In radio communications systems, information 

such as voice, video information or other data is or 
are transmitted by means of electromagnetic waves via a 
radio interface between a transmitting and a receiving 
radio station, for example a base station and a mobile 

15 station, respectively, in the case of a mobile radio 
system. The electromagnetic waves are in this case 
transmitted at carrier frequencies which are in the 
frequency band intended for the respective system. The 
carrier frequencies for the GSM mobile radio system 

2 0 (Global System for Mobile Communication) are in the 
90 0 MHz, 1 800 MHz and 1 900 MHz bands. Carrier 
frequencies in the band around 2 00 0 MHz are intended 
to be used for future mobile radio systems using CDMA 
and TD/CDMA transmission methods via the radio 

2 5 interface, such as the UMTS (Universal Mobile 

Telecommunication System) or other 3rd generation 
systems . 

The signals to be transmitted are produced in a 
transmitting devices in the radio station. The 

3 0 transmission signals are supplied via cable links and 

various other devices such as preamplifiers etc. to an 
antenna device which, in the end, t ransmits the radio 
signals. The transmitted radio signals are received and 
evaluated by a receiving devices in the received radio 
35 station. 
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In real operational conditions for radio 
communications systems, the radio signals are subject 
to widely differing types of interference and reach the 
receiving device on very different propagation paths. 
5 Apart from a direct propagation path, the radio signals 
can also be reflected or refracted on obstructions such 
as mountains, trees, buildings and the like. The radio 
signals from the various propagation paths are super- 
imposed in the receiving device. This leads to 

10 cancellation effects which at times have a severe 

adverse effect on reception of the radio signals, in 
this context refer to J.D. Parsons, "The Mobile Radio 
Propagation Channel", Pentech Press Publishers, London, 
1992, pages 108-113. 

15 Various methods are known for overcoming these 

cancellation effects, which are also referred to as 
fading effects. These fading effects can be reduced by 
antenna diversity, that is to say by using a number of 
antennas for the transmitting and/or receiving device. 

2 0 However, since the use of antenna diversity means an 
increase in the costs and complexity in the base 
station and in the mobile station of a mobile radio 
system, antenna diversity has so far been used only in 
the base stations. 

2 5 Furthermore, it is known from the GSM mobile 

radio system for the reception conditions to be 
improved by using a frequency hopping method (FH) , that 
is to say changing the transmission frequency for the 
radio signals (M. Mouly, M.B. Pautet, "The GSM System 

3 0 for Mobile Communications", 1992, inter alia, 

pages 218-223) . Furthermore, methods and devices are 
known from the prior art according to the documents 
DE 44 32 928, WO 93/20625 and WO 95/32558 which use a 
combination of a frequency hopping method and an 
3 5 antenna diversity method. Apart from complex 

implementation, these methods have the disadvantage 
that they cannot be used for the broadband 3rd 
generation mobile radio systems, for which it is 
predicted 
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that only one frequency band will in each case be 
available for the uplink and downlink direction for the 
FDD method (FDD - Frequency Division Duplex) , and one 
frequency band for the uplink and downlink direction 
5 for the TDD method (TDD - Time Division Duplex) . 

A mobile radio system based on microcells is 
known from the article by Kondo, Suwa "Linear 
Predictive Transmission Diversity for TDMA/TDD Personal 
Communication Systems", lEICE Trans. Commun . , 

10 Vol. E79-B, No. 10, October 1996, pages 1586-1591, in 
which the base station makes a linear prediction of the 
signal strength at the mobile station on the basis of 
the reciprocity between the uplink and the downlink 
direction. The base station receives a signal in the 

15 uplink direction from the mobile station using 

reception diversity by means of two antenna devices, 
and measures the signal strength of the received signal 
during the reception time. The base station uses these 
measurements to determine which antenna produces the 

20 greatest signal strength at the mobile station 

location, and the base station then transmits the 
signal in the downlink direction via the predicted 
antenna . 

The invention is based on the object of 
25 specifying a method and a radio station which allow the 
cancellation effect in future radio communications 
systems to be reduced. This object is achieved by the 
method as claimed in the features of the independent 
patent claim 1, and by the radio station as claimed in 
30 the features of the independent patent claim 17. 
Developments of the invention can be found in the 
dependent claims . 

According to the invention, in the method for 
signal transmission via a radio interface in a radio 
3 5 communications system as claimed in the independent 
patent claim 1, which uses a 
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subscriber separation method to distinguish between 
signals, in which a radio channel is defined at least 
by a frequency band and a connect ion- specif ic fine 
structure, at least one radio channel is assigned for 
5 signal transmission between a first and a second radio 
station, and at least one signal is transmitted via at 
least two transmission paths. At least one 
characteristic value relating to the transmission 
conditions on the radio interface is determined for 

10 each transmission path. A control signal is derived 
from a comparison of the mutually corresponding 
characteristic values, by means of which control signal 
the transmission path is selected specifically for the 
radio channel for transmitting a subsequent signal. 

15 This method advantageously offers the 

capability to determine a characteristic value for each 
transmission path, in order to carry out an assessment 
of the transmission conditions for this transmission 
path. The comparison of the respective characteristic 

20 values determined for each transmission path is used to 
select the most suitable path, and one or more 
subsequent signals are transmitted on this path. The 
determination of the characteristic values is carried 
out separately and specifically for each radio channel, 

25 since the transmission conditions may differ depending 
on the respectively used connection-specific fine 
structure. In consequence, the special feature of this 
system, which is that a number of radio channels within 
one frequency band are used for signal transmission, is 

30 taken into account since the optimum transmission path 
is determined for each radio channel, as a result of 
which the transmission characteristics are 
advantageously optimized. 

According to a first development of the 

35 invention, the signal is sent by the second radio 
station and is received via at least two antenna 
devices of the first radio station using 
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diversity reception. The characteristic values are 
determined, and the control signal derived, from the 
signal received by the respective antenna device. The 
control signal actuates a switching device which 
5 switches a subsequent signal specifically for the radio 
channel to one of the antenna devices of the first 
radio station. With this refinement, it is possible to 
determine in the first radio station the antenna 
device, that is to say the transmission path, via which 

10 it is better to receive the signal sent by the second 
radio station. The result of the reception situation 
allows conclusions to be drawn on the transmission 
situation for the first radio station, and 
advantageously makes it possible to use the switching 

15 device to select the antenna device which offers the 
better transmission quality. 

As an alternative to the first development, 
according to a second development of the invention, the 
signal is transmitted, separated in time, via in each 

20 case one transmission path. Based on this feature, a 
further refinement of the invention means that the 
signal which is separated in time is sent by in each 
case one antenna device of the first radio station, and 
is received by the second radio station. The 

25 characteristic values are determined from the 

respectively received signal, and the control signal is 
derived from their comparison. The control signal is 
used to actuate a switching device, which switches a 
subsequent signal specifically for the radio channel to 

30 one of the antenna devices of the first radio station. 
This refinement advantageously allows the transmission 
conditions on the radio interface to be determined in 
the second radio station if the latter has only one 
antenna device, and allows the subsequent signals to be 

35 switched to one of the antenna devices of the first 
radio station. 
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In this case, according to further alternative 
refinements, the characteristic values determined in 
the second radio station can be transmitted to the 
first radio station, which derives the control signal 
5 from them and actuates the switching device, or the 
control signal is derived in the second radio station 
from the specific characteristic values and this are 
transmitted to the first radio station, with the 
control signal actuating the switching device in the 

10 first radio station. As a consequence of a further 

development, the characteristic values and the control 
signal can advantageously be transmitted using in-band 
signaling since, in consequence, there is no 
disadvantageous effect on the transmission capacity of 

15 the respective radio channel. 

According to a further development of the 
invention, when a number of radio channels are assigned 
for signal transmission between the first radio station 
and the second radio station, the control signal is 

2 0 derived from a comparison of all the mutually 

corresponding characteristic values intended for the 
respective radio channels. The control signal is used 
to select a common transmission path for all the radio 
channels for the subsequent signals. This method, which 
25 is referred to as channel pooling, is known inter alia 
from the article by J. Mayer, J. Schlee, T. Weber 
"Protocol and Signalling Aspects of Joint Detection 
CDMA", PIMRC'97, Helsinki, 1997, pages 867-871. The 
channel pooling method is used advantageously, for 

3 0 example, in order to allow communications links to be 

provided with different data rates to and from radio 
stations, or to allow a number of services to be 
operated in parallel on one communications link. 

As a consequence of a further refinement of the 
35 invention, the connection-specific fine structure is 
formed by a CDMA code. The subscriber separation 
methods chosen for the third generation mobile radio 
system UMTS, according to which 
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a distinction is drawn between subscribers on the basis 
of the respective CDMA code, advantageously allows a 
large number of radio channels in one broadband 
frequency band, and thus high utilization of scarce 
5 radio resources. Based on this refinement, a further 
refinement uses a TD/CDMA method as the subscriber 
separation method. In this case, a radio channel is 
defined by a frequency band, a timeslot and a CDMA 
code. This subscriber separation method can be used 

10 particularly advantageously if the signals are 

transmitted using a TDD method. In this case, the 
signals are transmitted from the first radio station to 
the second radio station, and from the second radio 
station to the first radio station, separated in time, 

15 in one frequency band. The refinement according to the 
invention allows the most suitable transmission path to 
be determined specifically for each radio channel in a 
timeslot, and to be used for transmitting subsequent 
signals . 

20 In addition to the selection of a transmission 

path, further refinements of the invention allow at 
least two successive signals to be transmitted, using a 
TD/CDMA subscriber separation method, with the timeslot 
being changed and/or with the frequency band being 

25 changed, and with the respectively used timeslot or the 
respectively used frequency band being changed 
periodically and in synchronism with the time protocol 
of the subscriber separation method. These refinements 
have the advantage of increased transmission quality 

30 since, in consequence, interference which occurs in 
specific timeslots or in a specific frequency band 
interferes with only a small proportion of the 
transmitted signals, and thus has only a minor effect 
on reception, as a result of these changes. 



35 
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As a result of a further advantageous 
development of the invention, the transmitted signals 
are received in the first radio station and/or in the 
second radio station using a joint detection method. 
5 This method, which is known inter alia from the article 
by J. Mayer et . al . already mentioned above, allows the 
reception quality to be increased advantageously since 
all the fine structures in use are used for detection 
of a signal which is coded by means of a connection- 
10 specific fine structure. 

According to a further refinement of the 
invention, the characteristic value can be related to a 
reception level, a bit error rate and/or a value 
proportional to the signal delay time between the first 
15 radio station and the second radio station, and/or to a 
signal-to-noise ratio. Characteristic values which can 
be found particularly easily in radio communications 
systems are the reception level and the bit error rate 
(which are quoted as scaled values RXLEV, RXQUAL) 
20 since, as a rule, they already exist in present-day 
implementations . 

The method according to the invention and the 
radio station according to the invention will now be 
explained in more detail with reference to 
25 illustrations in the drawings, in which: 

Figure 1 shows a block diagram of a radio 

communications system, in particular of a 
mobile radio system, and a radio 
communications system- typical operational 
3 0 environment which is characterized by multi- 

path propagation. 
Figure 2 shows a schematic illustration of the frame 
structure of the radio interface, and of the 
construction of a radio block, 
35 Figure 3 shows a block diagram of the radio station 

according to the invention as a base station 
and a mobile station in a mobile radio 
system. 
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Figure 4 shows a flowchart of the method according to 
the invention for the radio communications 
system as shown in Figure 1, and 
Figure 5 shows an illustration with respect to time of 
5 an example of signal transmission from the 

point of view of a base station in a mobile 
radio system. 
The radio communications system illustrated in 
Figure 1 and in the form of a mobile radio system 

10 comprises a large number of mobile switching centers 
MSG, which are networked to one another and produce 
access to a landline network PSTN. Furthermore, these 
mobile switching centers MSG are each connected to at 
least one device RNM for allocating radio resources. 

15 Each of these devices RNM in turn allows a connection 
to be set up to at least one base station BS . Such a 
base station BS is a radio station which can set up 
links via a radio interface to other radio stations, 
for example to mobile stations MS or to stationary 

20 terminals. At least one radio cell is formed by each 

base station BS , and radio stations located in the area 
of this radio cell are supplied with radio resources. 
In addition, a number of radio cells can be supplied by 
each base station BS if sectorization is used or if the 

25 cell structures are hierarchical. 

In real operational conditions for radio 
communications systems, radio signals are subject to 
widely differing types of interference between the base 
station BS and the mobile station MS, which is 

3 0 mentioned by way of example, and reach the receiving 
device in the mobile station MS on very different 
propagation paths. Apart from a direct propagation 
path, the radio signals can also be reflected or 
defracted on obstructions such as mountains, trees, 

35 buildings or the like. The radio signals from the 
various propagation paths are superimposed in the 
receiving device, which leads to cancellation effects 
which can severely adversely affect reception of the 
radio signals. The 
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f unctionality of the illustrated structure is used by 
the radio communications system according to the 
invention . 

The frame structure of the radio interface, as 
5 it is implemented in the third generation mobile radio 
system UMTS, is shown in Figure 2. A broadband 
frequency band, for example with a bandwidth of 
B = 5 MHz, is split in accordance with a TDMA component 
into a number of timeslots ts, for example 16 timeslots 

10 tsl to tsl6. Each timeslot ts within the frequency band 
B forms a frequency channel fk. The successive 
timeslots ts within the frequency band B are broken 
down in accordance with a frame structure. Thus, for 
example, 16 timeslots tsl to tsl6 are combined to form 

15 a frame fr. 

When using a TDD transmission method, some of 
the timeslots tsl to tsl6 are used for signal 
transmission in the uplink direction, and some of the 
timeslots tsl to tsl6 are used for transmission in the 

20 downlink direction, with the transmission in the uplink 
direction taking place, for example, at a time before 
the transmission in the downlink direction. In-between, 
there is a switching point SP, by means of which it is 
possible to vary the number of timeslots which are used 

25 for transmission in the uplink direction and the number 
of timeslots for the downlink direction in a flexible 
manner. A frequency channel fk for the uplink direction 
in this case corresponds to the frequency channel fk 
for the downlink direction. The other frequency 

3 0 channels fk are structured in the same way. 

Within the frequency channels fk which are 
intended for user data transmission, information from a 
number of communications links is transmitted in radio 
blocks. These radio blocks for user data transmission 

35 are composed of sections with data d, each of which has 
sections embedded in it containing training sequences 
tseql to tseqn which are known at the reception end. 
The 
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data d are spread on a connection-specific basis using 
a fine structure, a spread code c (CDMA code) , so that, 
for example, n links can be separated by this CDMA 
component at the reception end. 
5 The spreading of individual symbols of data d 

with Q chips means that subsections of duration tchip 
are transmitted within the symbol duration tsym. The Q 
chips in this case form the individual CDMA code c. A 
guard time gp is also provided within the timeslot ts, 

10 to compensate for different signal delay times on the 
links for successive timeslots ts. 

By way of example, Figure 3 shows two radio 
stations, which are in the form of a base station BS 
and a mobile station MS in a mobile radio system. There 

15 is a radio link for signal transmission between the two 
radio stations BS and MS. The base station BS is 
equipped with two antenna devices Al and A2 and a 
transmitting/receiving device TRX, via which it can 
transmit and receive user and signaling information. An 

2 0 evaluation device AW, which is also provided in the 

base station BS, is supplied with signals output from 
the respective reception path of the two antenna 
devices Al and A2 , and characteristic values relating 
to the transmission conditions of the radio interface 

25 are in each case determined from them. Such 

characteristic values, which may be obtained only after 
internal conversions in the evaluation device AW, are, 
for example, the reception lever RXLEV, a scaled 
variable relating to the bit error rate RXQUAL, a lead 

30 time ta or a signal-to-noise ratio C/l. The 

characteristic values RXLEV, RXQUAL can be signaled, 
for example, by the mobile station MS as in the GSM 
mobile radio system, while the details relating to the 
signal delay time can be obtained in the form of the 

35 lead time ta, and the details relating to the signal- 
to-noise ratio C/I 
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can be obtained from the received signals in the base 
station BS itself. 

The characteristic values determined for the 
respective reception path are supplied to a control 
5 device SE which is connected downstream of the 

evaluation device AW and carries out a comparison of 
respectively mutually corresponding characteristic 
values. The control device SE uses this comparison to 
derive a control signal stsig and thus actuates a 
10 switching device UE which switches signals to be sent 
in radio channels downstream of the 

transmitting/receiving device TRX to one of the antenna 
devices Al or A2 . In this case, the signals can be 
switched independently for transmission and reception, 

15 that is to say the signals sent by the mobile station 
MS are, for example, received via both antenna devices 
Al and A2 and are supplied to the 
transmitting/receiving device TRX. This is used 
advantageously according to the invention if the 

20 reception of the radio channels in the base station BS 
takes place using a joint detection method. 

Various scenarios are feasible for determining 
the characteristic values and for deriving the control 
signal stsig. According to a first example, this can be 

25 done by the mobile station MS sending a signal in an 

assigned radio channel, with this signal being received 
by the two antenna devices Al and A2 using a diversity 
principle. The evaluation device AW uses this received 
signal to determine the respective characteristic 

3 0 values for the subsequent determination of which 

transmission path and which antenna device Al or A2 
offers the better transmission conditions. This 
determination process related to reception allows the 
transmission situation to be deduced, since the 

35 transmission conditions are generally identical for 
transmission and reception. The control device 
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SE in the base station BS selects that antenna device 
Al or A2 via which signals are then sent in the 
downlink direction in the same radio channel. 

A second example indicates a further option. In 
5 this case, a signal is in each case transmitted in a 
radio channel to the mobile station MS, separated in 
time, by the base station BS . Time separation is 
required since the mobile station MS has only one 
antenna device A3 and is thus unable to receive two 

10 signals in the same radio channel at the same time. The 
mobile station MS is in this case equipped with an 
evaluation device AW in which it can determine 
characteristic values relating to the transmission 
conditions on the respective transmission path. These 

15 characteristic values which have been determined are 

then sent by the mobile station MS, for example via in- 
band signaling, to the base station BS, in which the 
values are supplied to the control device SE which uses 
them to derive the control signal stsig for actuating 

20 the switching device UE . 

According to a third example, the mobile 
station MS may also be equipped with a control device 
SE, using which it derives a control signal stsig 
directly from the characteristic values determined in 

25 the evaluation device AW, and transmits this control 

signal stsig to the base station BS , with the switching 
device UE being actuated by this control signal stsig. 

Furthermore, it is feasible for characteristic 
values relating to the transmission conditions for the 

3 0 radio channel to be determined both in the base station 
BS and in the mobile station MS, and for these values 
to be supplied to the control device SE in the base 
station BS , which means that it is possible to make a 
more accurate estimate 
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of the actual transmission conditions on the radio 
interface . 

The characteristic values should be determined 
separately for each radio channel in a timeslot in a 
5 radio communications system having TD/CDMA subscriber 
separation, since the different CDMA spread codes c, as 
a result of which the radio channels in a timeslot ts 
differ, mean that different transmission conditions may 
also occur. In the situation where a number of radio 

10 channels are assigned in one timeslot ts for signal 

transmission between the base station BS and the mobile 
station MS, for example using the channel pooling 
principle as has already been explained in the 
introduction to the description, characteristic values 

15 are determined separately for each radio channel and 
signals which in each case have to be sent from the 
base station BS are sent via the antenna device Al or 
A2 which has the better transmission conditions. During 
the process of assigning radio channels in a timeslot 

2 0 ts to a number of mobile stations MS, this refinement 
means that the best transmission path is selected for 
each radio channel . Depending on the selected antenna 
device Al , A2 via which subsequent signals will be sent 
in the respective radio channel, the transmission power 

2 5 for each timeslot ts and CDMA code c can be controlled 

separately, as it were. 

The method according to the invention can also 
be applied, for example, in the same way to CDMA 
subscriber separation methods, in which a radio channel 

3 0 is in each case defined by the frequency band B and a 

CDMA code c. In this case, characteristic values are in 
each case determined and a transmission path for the 
radio channel is selected, for example, at periodic 
time intervals. 
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The method according to the invention can be 
simplified in that, for example, a number of radio 
channels which have been assigned to a single 
communications link between the base station BS and a 
5 mobile station MS on the channel pooling principle are 
each sent via only one antenna device Al or A2 of the 
base station BS if the differences in the transmission 
conditions on the basis of the different CDMA code c 
are not significant. This likewise simplifies the 

10 process of controlling the transmission power for 
transmission to the individual mobile stations MS. 

If it is found during the process of 
determining the characteristic values for the reception 
paths that the difference between the respectively 

15 determined characteristic values for the two reception 
paths of the antenna device Al, A2 is not greater than 
a predetermined threshold value, that is to say the 
transmission conditions for both paths are, for 
example, virtually identical, protected signal 

2 0 transmission can be achieved by periodically changing 
between the antenna device Al , A2 when the base station 
BS is transmitting. This results in successive, 
decorrelated signals at the mobile station MS location, 
thus advantageously improving the transmission quality 

2 5 when interference is present on the radio interface. 

For additional decorrelation of successive 
signals, it is also possible, for example, to change 
the timeslot ts while maintaining the assigned CDMA 
code c if transmission problems occur repeatedly in 

30 specific timeslots ts . A further option, in the 
situation where a number of frequency bands B are 
available to the radio communications system, is to 
change between the frequency bands B using a type of 
frequency hopping method. 
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Figure 4 shows an example of a flowchart for 
one refinement of the method according to the 
invention. By way of example, in the flowchart block 
identified by the number 1, a signal is sent via the 
5 radio interface between from the mobile station MS to 
the base station BS . The transmitted signal is 
transmitted, for example, in an assigned radio channel. 
The block identified by 2 represents reception of the 
transmitted signal in the base station BS via two 

10 antenna devices Al and A2 using diversity reception. 
According to the blocks 3 and 4, the signal received 
via the respective antenna device Al and A2 is used to 
determine characteristic values relating to the 
transmission conditions on the radio interface for the 

15 respective transmission paths. The characteristic 
values which are determined and correspond to one 
another are compared with one another in the block 5, 
and this can be done, for example, in an evaluation 
device AW in the base station BS . The decision 

20 resulting in the selection of the better transmission 

conditions is made in the decision block 6 depending on 
the type of characteristic values. If the transmission 
conditions for the transmission path via the first 
antenna device Al are better than the transmission 

25 conditions via the second antenna device A2 , then, in 
the block 7, the signals to be sent subsequently are 
switched in the radio channel via the first antenna 
device Al to the mobile station MS. If, on the other 
hand, the transmission conditions via the second 

3 0 antenna device A2 are better, then, as shown in block 
8, signals to be sent subsequently by the base station 
BS are sent via the second antenna device A2 . 

In addition to the procedure shown in Figure 4, 
the sequence can be supplemented, for example, by 

3 5 checking the difference between the specific 
characteristic values of the 
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reception paths. Provided this difference is not 
greater than a predetermined threshold value, then 
signals to be sent subsequently are alternately 
switched to in each case one antenna device Al or A2 
5 using an antenna hopping method, thus advantageously 
decorrelating the transmitted signals. The evaluation 
of the signals sent by the mobile station MS can in 
this case be controlled by a timer, which is matched to 
the subscriber separation method and/or is synchronized 
10 with it. 

Figure 5 shows a three-dimensional diagram in 
which, by way of example, signal transmission according 
to the invention is carried out in a radio 
communications system having TD/CDMA subscriber 

15 separation and in which the uplink and downlink 

directions are separated using a TDD method. Firstly, 
the time t is plotted in the horizontal plane and is 
split into frames frl to fr4 using the TDMA subscriber 
separation method. Each frame frl to fr4 is subdivided 

20 into, for example, 16 timeslots tsl to tsl6. As has 

already been explained with reference to Figure 2, the 
uplink and downlink directions are separated by a 
switching point SP, so that transmission takes place in 
both the uplink direction and the downlink direction 

25 within one frame fr. Furthermore, a distinction on the 
basis of the CDMA code c is made in the horizontal 
plane. By way of example, four possible CDMA codes cl 
to c4 are shown, which allow separation into four radio 
channels within one timeslot ts when using a frequency 

3 0 band b. In the vertical direction, two antenna devices 
Al and A2 are shown, by way of example, via which the 
signals can be sent from the base station BS . 

The example shown in Figure 5 is based on two 
radio channels being assigned to a communications link 

3 5 between a base station BS, which has two antenna 

devices Al and A2 , and a mobile station MS, using the 
channel pooling 



GR 98 P 1831 



- 19- 



principle. The diagram in this case shows the processes 
of reception and transmission from the point of view of 
the base station BS . This configuration, which is 
illustrated by way of example, corresponds to Figure 3. 
5 In the initial situation, the allocated radio channels 
are defined in the first frame frl by the timeslot ts4 
for the uplink direction and by the timeslot tsl2 for 
the downlink direction, and by the CDIVIA codes cl and c3 
as well. Accordingly, in the first frame frl, the 

10 mobile station MS sends signals in the uplink direction 
in the timeslot ts4, using the CDMA codes cl and c3 , to 
the base station BS . The transmitted signals are 
received via the antenna devices Al and A2 in the base 
station BS, and characteristic values relating to the 

15 respective transmission conditions on the radio 

interface are determined for each reception path and 
radio channel . Depending on the result of the 
evaluation in the evaluation device AW in the base 
station BS, the signals to be sent in the downlink 

2 0 direction are switched to a respective one of the 

antenna devices Al or A2 . For example, in the timeslot 
tsl2 intended for the downlink direction in the first 
frame frl, the base station BS sends signals via the 
first antenna unit Al in the radio channel identified 

2 5 by the first CDMA code cl, if it has been found that 

the transmission characteristics for the first antenna 
device Al are better (shaded areas) . For example, the 
characteristic values can be determined in each frame 
frl to f r4 . In this case, the antenna device Al is 

3 0 used for transmission in each frame frl to fr4 for this 

radio channel in the example. 

For the radio channel identified by the third 
CDMA code c3 , characteristic values are determined for 
both reception paths, whose difference does not exceed 
3 5 a predetermined threshold value. In order to exploit 
this situation to obtain advantageous decorrelation of 
signals in two successive frames frl, f r2 , the signals 
in the 
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radio channel are each switched alternately to the 
second antenna device A2 and to the first antenna 
device Al, as is illustrated in the diagram. In 
addition, the diagram shows a sequence of changing the 
5 timeslots ts between the individual frames frl to f r4 , 
which can also be referred to as a timeslot hopping 
method. In this case, the timeslot ts respectively used 
for the uplink direction and downlink direction is 
changed in accordance with a predetermined algorithm or 
10 time sequence while retaining the CDMA code c, thus 
reducing the effect on the reception quality of 
interference which in each case occurs only in specific 
timeslots ts . 



15 



Patent claims 

1 . A method for signal transmission via a radio 
interface in a radio communications system, which 

5 - uses a subscriber separation method to distinguish 
between signals, with a radio channel being 
defined at least by a frequency band (B) and a 
connection-specific fine structure (c) , 
in which 

10 - at least one radio channel is assigned for signal 
transmission between a first radio station (BS) 
and a second radio station (MS) , 

at least one signal is transmitted via at least 
two transmission paths, 
15 - at least one characteristic value (RXLEV, RXQUAL, 
ta, C/I) relating to the transmission conditions 
on the radio interface is determined for each 
transmission path, 

a control signal (stsig) is derived from a 
2 0 comparison of the mutually corresponding 

characteristic values (RXLEV, RXQUAL, ta, C/I) , by 
means of which control signal (stsig) the 
transmission path is selected specifically for the 
radio channel for transmitting a subsequent 

2 5 signal . 

2. The method as claimed in claim 1, in which 
the signal is sent by the second radio station 
(MS) and is received via at least two antenna 
devices (Al, A2) of the first radio station (BS) 

3 0 using diversity reception, 

the characteristic values (RXLEV, RXQUAL, ta, C/I) 
are determined from the signal received by the 
respective antenna device (Al, A2 ) , and 
the control signal (stsig) which is derived from 
3 5 the comparison of the mutually corresponding 

characteristic values (RXLEV, RXQUAL, ta, C/I) is 
used to actuate a switching device (UE) 
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which switches a subsequent signal specifically 
for the radio channel to one of the antenna 
devices (Al, A2) of the first radio station (BS) . 

3. The method as claimed in claim 1, in which 

5 the signal is transmitted, separated in time, via in 
each case one transmission path. 

4. The method as claimed in claim 3, in which 
the signal which is separated in time is sent by 
in each case one antenna device (Al , A2 ) of the 

10 first radio station (BS) and is received by the 

second radio station (MS) , 

the characteristic values (RXLEV, RXQUAL, ta, C/I) 
are determined from the respectively received 
signal, and 

15 - the control signal (stsig) is derived from the 
comparison of the mutually corresponding 
characteristic values (RXLEV, RXQUAL, ta, C/I) and 
is used to actuate a switching device (UE) which 
switches a subsequent signal specifically for the 

2 0 radio channel to one of the antenna devices (Al, 

A2) of the first radio station (BS) . 

5. The method as claimed in claim 4, in which 
the specific characteristic values (RXLEV, RXQUAL, ta, 
C/I) [lacuna] transmitted to the first radio station 

25 (BS) , and the control signal (stsig) is derived from 
them. 

6. The method as claimed in claim 4, in which 
the control signal (stsig) is derived in the second 
radio station (MS) and is transmitted to the first 

30 radio station (BS) . 

7. The method as claimed in claim 5 or 6 , in which 
the characteristic values (RXLEV, RXQUAL, ta, C/I) and 
the control signal (stsig) are transmitted using in- 
band signaling. 



35 



8 . The method as claimed in one of the preceding 
claims, in which 

when a number of radio channels are assigned for 
signal transmission between the first radio 
5 station (BS) and the second radio station (MS) , 

the control signal (stsig) is derived from a 
comparison of all the respectively specific and 
mutually corresponding characteristic values 
(RXLEV, RXQUAL, ta, C/I) , and 
10 - the control signal (stsig) is used to select a 
common transmission path for all the radio 
channels for transmission of subsequent signals. 

9. The method as claimed in one of the preceding 
claims, in which 

15 in the situation where any difference between the 
specific and mutually corresponding characteristic 
values (RXLEV, RXQUAL, ta, C/I) does not exceed a 
predetermined threshold value, a transmission path is 
in each case selected on a periodically changing basis, 

20 so that at least two successive, decorrelated signals 
are transmitted via different transmission paths. 

10. The method as claimed in one of the preceding 
claims, in which 

the connection- specif ic fine structure is formed by a 

2 5 CDMA code (c) . 

11. The method as claimed in claim 10, in which 

a TD/CDMA method is used as the subscriber separation 
method^ with a radio channel being defined by a 
frequency band (B) , a timeslot (ts) and a CDMA code. 
30 12. The method as claimed in one of claims 11, in 

which 

the signals are transmitted using a TDD method, in 
which the signals are transmitted from the first radio 
station (BS) to the second radio station (MS) and from 

3 5 the second radio station 
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(MS) to the first radio station (BS) , separated in 
time, in one frequency band (B) . 

13. The method as claimed in claim 11 or 12, in 

which 

5 at least two successive signals are transmitted with 
the timeslot (ts) being changed, with the timeslot (ts) 
which is used for transmission being changed 
periodically and in synchronism with the time protocol 
of the subscriber separation method. 
10 14. The method as claimed in one of the preceding 

claims, in which 

at least two successive signals are transmitted with 
the frequency band (B) being changed, with the 
frequency band (B) which is used for transmission being 
15 changed periodically and in synchronism with the time 
protocol of the subscriber separation method. 

15. The method as claimed in one of the preceding 
claims, in which 

the transmitted signals are received in the first radio 
20 station (BS) and/or in the second radio station (MS) 
using a joint detection method. 

16. The method as claimed in one of the preceding 
claims, in which a reception level, a bit error rate 
and/or a value proportional to the signal delay time 

25 (ta) between the first radio station (BS) and the 

second radio station (MS) , and/or a signal-to-noise 
ratio is defined as the characteristic value (RXLEV, 
RXQUAL, ta, C/I) . 

17. A radio station (BS, MS) for signal 
30 transmission via a radio interface in a radio 

communications system, which 

uses a subscriber separation method to distinguish 
between signals, in which a radio channel is 
defined at least by a 
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frequency band (B) and a connection-specific fine 
structure (c) , 
having 

at least one antenna device (Al , A2 ) for receiving 
and/or sending at least one signal which is 
transmitted via at least two transmission paths, 
an evaluation device (AW) for determining at least 
one characteristic value (RXLEV, RXQUAL, ta, C/I) 
relating to the transmission conditions on the 
radio interface for each transmission path, 
a control device (SE) for deriving a control 
signal (stsig) from a comparison of the mutually 
corresponding characteristic values (RXLEV, 
RXQUAL, ta, C/l) , and 

a switching device (UE) which is actuated by the 
control signal (sig) and selects the transmission 
path specifically for the radio channel for 
transmitting a subsequent signal. 

18. The radio station (BS, MS) as claimed in 
claim 17, 

which is designed as a base station in a mobile radio 
system. 

19. The radio station (BS, MS) as claimed in 
claim 17, 

which is designed as a mobile station in a mobile radio 
system. 



Abstract 



Method and radio station for signal transmission in a 
radio comTnuni cat ions system 

In the method for signal transmission via a 
radio interface in a radio communications system, at 
least one radio channel is assigned for signal 
transmission between a first and a second radio 
station, and at least one signal is transmitted via at 
least two transmission paths. At least one 
characteristic value relating to the transmission 
conditions on the radio interface is determined for 
each transmission path. A control signal is derived 
from a comparison of the mutually corresponding 
characteristic values, by means of which control signal 
the transmission path is selected specifically for the 
radio channel for transmitting a subsequent signal. 
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number) 

312/876-0200 



Postanschrift: Send Corresponden 

HILL, STEADMAN & SIMPSON 
A Professional Corporation 
85th Floor Sears Tower, Chicago, Illinois 60606 



Voller Name des einzigen oder urspriinglichen Erfinders: 

DAUERER, Jorg 


Full name of sole or first inventor: 


Unterschrift des Erfinders Datum 


Inventor's signature Date 


Wohnsitz 

D-82194 Grobenzell, Germany 1>E?^ 


Residence 


Staatsangehorigkeit 

Bundesrepublik Deutschland 


Citizenship 


Postanschrift 

Birkenstr. 48 


Post Office Addess 


D-82194 Grobenzell 
Bundesrepublik Deutschland 




Voller Name des zweiten Miterfindsr^ (falls zutreffend): 

EMMEfe. Dietei 


Full name of second joint inventor, if any: 


Unter/cSriftide^rfini^^ (\ , Datum 


Second Inventor's signature Date 


D-8^1 9 StaMp^La Germany D^?/' 


Residence 


staatsangehorigkeit U 

Bundesrepublik Deutschland 


Citizenship 


Postanschrift 

Josef-Fischhaber-Str. 12 


Post Office Address 


D-82319 Starnberg 
Bundesrepublik Deutschland 





{Bitte entsprechende Informationen und Unterschriften im (Supply similar information and signature for third and 
Falle von dritten und weiteren Miterfindern angeben). subsequent Joint inventors). 



Form PTO-FB-240 (8-83) 
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Patent and Trademark Office-U.S. Department of COMMERCE 



Voller Name des dritten Miterfinders: 

MERZ Peter 


Full name of third joint inventor: 


Unferschrifl des Erfinders Datum 


Inventor's signature Date 


Wohnsitz 

n-ftl'^7'^ Miinrhen Germanv 


Residence 


Staatsangehorigkeit 

Bundesrepublik Deutschland 


Citizenship 


Postanschrift 

Paul-Meisel-Weg 3 


Post Office Address 


D-81373 Munchen 
Bundesrepublik Deutschland 




Voller Name des vierten Miterfinders (falls zutreffend): 

MONSCHAU Jora 


Full name of fourth joint inventor, if any: 


Unterschrift des Erfinders Datum 


Inventor's signature Date 


WsWnsifz 

D-81 379 Munchen, Germany T)F.^< 


Residence 


staatsangehorigkeit 

Bundesrepublik Deutschland 


Citizenship 


Postanschrift 

Schaidlerstr. 11 


Post GfTice Address 


D-81 739 Munchen 
Bundesrepublik Deutschland 




Voller Name des funften Miterfinders (falls zutreffend): 


Full name of fifth joint inventor, if any: 


Untersctirift des ErfiBdep . Datum 


Inventor's signature Date 


D-80935 M^jn^Te{x_Gerrnany ~T)fc,x' 


Residence 


staatsangehorigkeit 

Bundesrepublik Deutschland 


Citizenship 


Postanschrift 

Irisstr. 3 


Post Office Address 


D-80935 Munchen 
Bundesrepublik Deutschland 




Voller Name des sechsten Miterfinders (falls zutreffend): 

'^WEBJER., Peter 


Full name of sixth joint inventor, if any: 


Untgrachrlft des Erfinders Datum 


Inventor's signature Date 


Wohnsitz 

D-57392 SchroaMofcterg, Germany 


Residence 


staatsangehorigkeit 

Bundesrepublik Deutschland 


Citizenship 


Postanschrift 

Kastanienweg 6 


Post Office Address 


D-57392 Schmallenberg 
Bundesrepublik Deutschland 





(B/tte entsprechende Informationen und Unterschriften im (Supply similar information and signature for third and 
Fade von dritten und weiteren Miterfindern angeben). subsequent joint inventors). 
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Voller Name des siebten Miterfinders. 

WIECHERT, Henry 


Full name of seventh joint inventor: 


Unterschrift des ErfindeK^?=^ Datum 


Inventor's signature 


Date 


Wohnsitz 

D-81377 MuBChen Germany l^"^ ^ 


Residence 


Staatsangehorigkeit 

Bundesrepublik Deutschland 


Citizenship 


Postanschrift 

Waldfriedhofstr. 23 


Post Office Address 


D-81377 Munchen 
Bundesrepublik Deutschland 




Voller Name des achten Miterfinders (falls zutreffend): 


Full name of eighth joint inventor, if any: 


Unterschrift des Erfinders Datunn 


Inventor's signature 


Date 


Wohnsitz 


Residence 


Staatsangehorigkeit 


Citizenship 


Postanschrift 


Post Office Address 






Voller Name des neunten Miterfinders (falls zutreffend): 


Full name of ninth joint inventor, if any: 


Unterschrift des Erfinders Datum 


Inventor's signature 




Wohnsitz 


Residence 


Staatsangehorigkeit 


Citizenship 


Postanschrift 


Post Office Address 






Voller Name des zehnten Miterfinders (falls zutreffend): 


Full name of tenth joint inventor, if any: 


Unterschrift des Erfinders Datum 


Inventor's signature 


Date 


Wohnsitz 


Residence 


Staatsangehorigkeit 


Citizenship 


Postanschrift 


Post Office Address 







{Bitte entsprechende Informationen und Unterschriften im (Supply similar information and signature for third and 
Falle von dritten und weiteren Miterfindern angeben). subsequent joint inventors). 



Form PTO-FB-240 (8-83) 
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